Abstract-Therapeutic inertia (TI), defined as the providers' failure to increase therapy when treatment goals are unmet, contributes to the high prevalence of uncontrolled hypertension (Ն140/90 mm Hg), but the quantitative impact is unknown. To address this gap, a retrospective cohort study was conducted on 7253 hypertensives that had Ն4 visits and Ն1 elevated blood pressure (BP) 1999 -2000. 2,3 Despite an increase in the number and tolerability of antihypertensive medications, goal BP has been difficult to attain. Clinical trials, including the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack trial, 4 with 66% control rates and the Controlled Onset Verapamil Investigation of Cardiovascular Endpoints study 5 with 70% control rates have shown that the BP control rates reported in national data can be substantially improved. Of note, the majority of uncontrolled hypertensive subjects in the United States are older individuals with systolic BP (SBP) 140 to 159 mm Hg who are seen an average of 6 times annually in a primary care setting. 6 Even with substantial reductions in the number of unaware and untreated hypertensive patients, controlling BP in Ն70% of treated patients is a vital component of reaching the Healthy People 2010 goal of controlling hypertension in 50% of all affected patients. 7 Hypertension control rates nearly tripled from 10% in 1976 -1980 to 29% in 1988 -1991. 8 The improvements in hypertension control coincided temporally with a large decline in the age-adjusted rates for stroke and coronary heart disease (CHD).
H ypertension affects 31.3% of adults or Ϸ65 000 000 people in the United States. 1 Blood pressure (BP) control rates to the goal of Ͻ140/90 mm Hg are low at 31% of all hypertensives and 53% of those on therapy based on the National Health and Nutrition Examination Survey 1999 -2000. 2, 3 Despite an increase in the number and tolerability of antihypertensive medications, goal BP has been difficult to attain. Clinical trials, including the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack trial, 4 with 66% control rates and the Controlled Onset Verapamil Investigation of Cardiovascular Endpoints study 5 with 70% control rates have shown that the BP control rates reported in national data can be substantially improved. Of note, the majority of uncontrolled hypertensive subjects in the United States are older individuals with systolic BP (SBP) 140 to 159 mm Hg who are seen an average of 6 times annually in a primary care setting. 6 Even with substantial reductions in the number of unaware and untreated hypertensive patients, controlling BP in Ն70% of treated patients is a vital component of reaching the Healthy People 2010 goal of controlling hypertension in 50% of all affected patients. 7 Hypertension control rates nearly tripled from 10% in 1976 -1980 to 29% in 1988 -1991. 8 The improvements in hypertension control coincided temporally with a large decline in the age-adjusted rates for stroke and coronary heart disease (CHD).
Unfortunately, BP control rates have changed little in the past 15 years, especially in women. Patient factors, such as compliance, 9, 10 knowledge, 11 and lack of insurance, 12 and system factors, such as limited access to care and medications 13 and lack of appointment reminders, 14 have been cited for the low rates of BP control. Of note, BP control remains suboptimal in systems such as the Veterans Administration where financial barriers to health care are less. 15, 16 Physician factors, such as therapeutic inertia (TI), that is, failure of providers to begin new medications or increase dosages of existing medications when an abnormal clinical parameter is recorded, are becoming more evident. TI represents a significant barrier to better hypertension control. TI impacts not only control of BP but of other chronic diseases, including diabetes mellitus and hyperlipidemia. [17] [18] [19] [20] [21] [22] [23] [24] Although data suggest that TI contributes to the high prevalence of uncontrolled hypertension, the quantitative impact is not clear. This article examines the impact of TI on failing to control hypertension in Ն70% of treated patients. The 70% control rate in hypertensive patients has been attained in clinical trials and represents a vital component of attaining the Health People 2010 goal of controlling BP to Ͻ140/90 mm Hg in 50% of all patients. 5, 7 To address this important issue, we examined outpatient medical data from hypertensive patients who were seen on Ն4 outpatient visits during 2003 by physicians participating in the Hypertension Initiative medical record audit and feedback program. 15 We evaluated demographic and other factors that might impact TI, as well as the impact of TI on BP control.
Methods

Study Design
This retrospective cohort study used existing data obtained from clinical sites participating in the Hypertension Initiative. The research use of the database by the initiative has been reviewed and approved by the institutional review committee at the Medical University of South Carolina, and the procedures followed were in accordance with institutional guidelines. Each clinical site signed a business associate agreement that defines the terms and conditions of the collaboration and addresses the treatment, payment, and operations, as well as the research components of the Health Insurance Portability and Accountability Act.
The Database
In 2003, there were 62 practices from South Carolina, North Carolina, and Georgia contributing information on 49 101 hypertensive patients to the database. Data are obtained both electronically or by a card method and then transferred into the database. Consecutive patients are entered into the database, which is audited periodically for accuracy and completion. The database has information from community clinics, veteran affairs primary care clinics, residents (physicians in training) clinics, and solo and group practices. The database includes patient demographics, comorbid risk factors, for example, diabetes mellitus and hypercholesterolemia, and target organ damage, such as cardiovascular disease (CVD), chronic heart failure (CHF), CHD, stroke, transient ischemic attack, and nephropathy as defined by the providers. Other variables in the database include medication names and dosages at each visit and BP measurements. Only 1 BP measurement per visit is recorded in the database, with the last BP measurement in the seated position receiving the highest priority.
Identification of Subjects
Analysis was limited to a 1-year period from January 1 to December 31, 2003. Subjects were included in the analysis if they met all of the following criteria ( 
Definition of Terms
BP at each visit was classified as controlled if the values were Ͻ140 mm Hg SBP and Ͻ90 mm Hg diastolic (DBP). A visit with TI was defined as one in which an elevated BP, that is, Ն140 mm Hg SBP and/or Ն90 mm Hg DBP, was recorded with no increase in antihypertensive medications. 18 An increase in antihypertensive medications was defined either as the addition of a new antihypertensive medication or an increase in the dose of an existing antihypertensive medication without discontinuing or reducing the dose of other antihypertensive medications. A change within a class to an equivalent dose was classified as no change. A decrease in the number of antihypertensive medications or the dose of a medication was also classified as no change.
Database variables included in the analyses were demographics (age, race, and sex), SBP, DBP, and cardiovascular risk factors, including diabetes mellitus, hypercholesterolemia, tobacco abuse, and family history of CVDs. Other variables are physician practice type and evidence of end organ damage including a history of stroke, CVD, CHF, CHD, and nephropathy. Derived variables included the number of antihypertensive medications the patient was receiving on each visit, the presence or absence of TI on each visit, and the 1-year TI score for each patient.
The 1-year TI score was obtained using a modification of the method used by Berlowitz et al 16 to calculate the intensity of therapy as the difference between the expected medication change rate (number of visits with elevated BP/total number of visits) and the observed medication change rate (actual number of visits in which medications were increased/total number of visits). This method uses a scoring range from Ϫ1 to ϩ1 (higher scores indicating greater TI). All of the visits were used to calculate the TI score except the last, because the effects of medication adjustment at the last visit cannot be determined. As an example, a patient with 5 visits during the year excluding the last visit, with elevated BP on 4 of those visits, has an expected medication change rate of 4/5ϭ0.8. If medication changes were made on 2 of the visits, then the observed medication change rate is 2/5 and the TI score is 4/5Ϫ2/5ϭ0.4, that is, medication changes were made in 40% fewer visits than expected. To determine the effects of changing medications more often than expected, TI score was also calculated after converting visits in which BP was normal and therapy intensified to visits in which no changes were made.
Statistical Analysis
Data are reported as meanϮSEM. Univariate models were used to determine the associations between TI at each visit and comorbid risk factors and demographic variables, as well as between the 1-year TI score, changes in BP from first to last visits, and BP control at the last visit. Random-effects multivariable regression models were used for analyses to account for the correlation between patients seeing the same physician and physicians within the same practice. Different multiple regression models were developed to determine the impact of the 1-year TI scores on changes in BP between the first and last visits and BP control rates at the last visit. A mixed-effects Figure 1 . Criteria for inclusion into the analysis sample are depicted above. Fifteen percent of the patients in the database formed the analysis sample; most of the patients were disqualified, because they had Ͻ4 visits as shown in the flow diagram.
logistic regression model was developed to determine the impact of a visit with TI on BP control at the subsequent visit, adjusting for prespecified covariates. A similar model was used to predict the likelihood of a visit resulting in TI based on variables collected at that visit. The 1-year patient TI scores were divided into quintiles, and comparisons were made between those in the lowest and highest groups. All of the analyses were conducted using SAS version 9.1.
Results
There were 49 101 individuals in the year of interest recording 151 171 visits. Of these individuals, 7253 subjects seen by 168 physicians at 44 sites met the criteria for inclusion into the analysis sample ( Figure 1 ). Characteristics of patients in the database in 2003 and in the analyzed sample are shown in Table 1 . The mean SBP and DBP of patients in the analyzed sample was 142.4Ϯ0.2/80.3Ϯ0.1 mm Hg at the first visit and 139.6Ϯ0.2/77.9Ϯ0.1 mm Hg at the last visit. The reduction in mean SBP and DBP coincided with an improvement in the proportion of patients with hypertension controlled to Ͻ140/ 90 mm Hg from 39.5% at the beginning to 45.1% at the end of 2003. The subset of 7253 subjects included in the analysis had an average of 6.4Ϯ0.03 medical visits during the year. Elevated BP was recorded at 55% of visits (expected medication change rate of 0.55), and medications were changed on 10.9% of visits (observed medication change rate of 0.11). This resulted in a mean TI score of ϩ0.44Ϯ0. 19 , that is, medications were changed in 44% fewer visits than expected. Medications were changed on only 13.1% of visits with an elevated BP.
The estimated intracluster correlation coefficient of the TI score is 0.04 (95% CI, 0.027 to 0.053), indicating that the TI scores for subjects seen by the same physician (within cluster) were more similar than TI scores between subjects seen by different physicians (between cluster). The intracluster correlation coefficient is accounted for in the analyses.
Subjects were subdivided into quintiles based on the 1-year TI scores. Figure 2 shows a decreasing improvement in BP control rates as TI scores increased from quintiles 1 to 5. The average TI score in quintile 1 was 0.10Ϯ0.002 and in quintile 5 was 0.73Ϯ0.002 (Table 2) . From the first to last visits, BP decreased by 6.8Ϯ0.5/4.4Ϯ0.4 mm Hg for those in quintile 1, whereas those in quintile 5 had an increase in SBP of 1.8Ϯ0.6 and a decrease in DBP of 0.7Ϯ0.3 mm Hg. This change in BP resulted in an increase in control rates from 53.0% to 75.5% for those in quintile 1 and a decrease from 22.2% to 7.7% for those in quintile 5. Unadjusted analysis showed that individuals in the lowest quintile of TI score were more likely to have their BP controlled at the last visit (odds ratio, 35.0; 95% CI, 27.4 to 45.8; PϽ0.0001). After controlling for initial BP and other selected covariates, the odds of having a BP Ͻ140/90 mm Hg at the last visit for quintile 1 compared with 5 was 32.7 (95% CI, 25.1 to 42.6; PϽ0.0001).
Significant positive predictors of a visit with TI (Table 3 ) include patients with BP readings in the stage 1 as compared with stage 2 hypertension range and patients on fewer antihypertensive medications. Other positive predictors of a visit with TI include older age, patients with diabetes mellitus, hypercholesterolemia, and CHF or CVD. Ethnicity was not a significant determinant of TI, and no differences in TI score were found 
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when comparing patients seen at Veterans Affairs (VA) clinics to non-VA clinics. Unadjusted analysis showed that the TI score was significantly and negatively correlated with changes in SBP from the first to last visits (ϭϪ0.14; PϽ0.0001), as well as DBP (ϭϪ0.11; PϽ0.0001) and BP control at the last visit (odds ratio, 0.824; PϽ0.0001). While controlling for clustering and covariates (Table 4 ), a 0.1 U increase in the TI score resulted in less decrease in SBP of 3.14Ϯ0.10 mm Hg (PϽ0.0001) and DBP of 1.03Ϯ0.08 mm Hg (PϽ0.0001) from the first to last visits. Because the mean TI score was ϩ0.44, TI in 2003 accounted for an estimated 13.8 mm Hg higher SBP and 4.5 mm Hg higher DBP than if there were no TI.
Other factors that were associated with significantly smaller reductions in SBP include black race, older age, diabetes mellitus, and tobacco use. Conversely, diabetes mellitus, nephropathy, CVD, and older age were associated with larger decreases in DBP. Although numerous factors were significantly associated with changes in SBP and DBP, of all of the variables included in the model, TI score, SBP at the first visit, and tobacco use were significantly and negatively correlated with BP control (Table 4 ). Higher baseline SBP and DBP were associated with a greater decline in BP values, which probably reflects, in part, the phenomenon of regression toward the mean 25 in addition to the lower rates of TI observed with higher BP readings.
Analysis using data from visits with elevated BP showed that failure to intensify therapy at a single visit resulted in a significantly smaller decline in SBP (2.6 mm Hg; PϽ0.0001) and DBP (0.9 mm Hg; Pϭ0.01) at the subsequent visit compared with those whose therapy was intensified. The difference in 2.6/0.9 mm Hg, however, did not result in a statistically significant difference in BP control over just 1 follow-up visit. The TI score calculated over the 1-year period accounted for Ϸ8.0% of the change in SBP and 3.4% of the change in DBP between the first and last visits. Combining both parameters to determine the effects on BP control at the last visit, TI accounted for Ϸ19% of the variability in BP control. Repeating all of the analyses with the TI score calculated after adjusting visits in which BP was recorded as normal and medication changes were made did not significantly alter the result.
Discussion
This study confirms that BP control rates are lower in clinical practice than in contemporary clinical trials and that the rate of TI is high. Antihypertensive therapy was not intensified at The adjusted effects of TI over the 1-year period on final BP were 13.8/4.5 mm Hg, assuming a linear relationship of TI to the change in BP. A decline of this magnitude would decrease the average last visit BP of the analyzed sample to 125.8/73.4 mm Hg and increase the proportion of controlled hypertensives at the last visit to a projected 77.6%, which is better than all of the clinical trials to date. A more realistic 20% improvement in the proportion of visits in which antihypertensive therapy is intensified, that is, a 50% reduction in TI score, translates to a BP at the last visit of 132.7/75.6 mm Hg and a projected hypertension control rate to Ͻ140/90 mm Hg of 65.9%, which is virtually identical to that obtained in the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack trial. 4 Extrapolation of results from analysis of only those visits with elevated BP showed that failure to intensify therapy resulted in a 7.8/ 2.7 mm Hg higher BP over 1 year.
These extrapolations may overestimate the impact of TI, because many patients would likely achieve the goal with a smaller reduction in BP and would not be candidates for additional intensification of treatment. The extrapolation is provided to emphasize the potentially large contribution of reducing the TI score by 50% (ie, increasing medication change rate from 11% to 30% of visits) in the efforts to improve BP control. These observations suggest that among hypertensive patients receiving regular care, modest reductions in TI could lower SBP by Ͼ5 mm Hg, which has been shown to reduce cardiovascular and all-cause mortality by 7% to 14% or more, 26, 27 with improved hypertension control rates to nearly two-thirds of patients.
This study shows that the rate of TI is high in all practice types. Whereas TI rates were not different at VA compared with non-VA sites, VA patients experienced approximately twice the decline in BP (5.7/3.5 versus 2.8/1.7 mm Hg; PϽ0.0001) during the year. This observation may reflect differential access to medications with advantages for patients at VA sites. 15, 28 The explanation(s) for the high rates of TI could not be discerned from our database because of the absence of physician level variables and detailed information on the physician-patient encounter. This limitation in the database prompted us to use the term TI, given our focus on medication change rates, rather than clinical inertia, which implies a more comprehensive analysis of the management plan. Patient level variables associated with higher TI scores included stage 1 versus stage 2 BP readings, older age, fewer antihypertensive medications, and comorbidities, such as diabetes mellitus, nephropathy, CHF, and CVD. TI is high across demographic, geographic, and practice characteristics and has remained high over the last 10 to 15 years. 16, 19 A Canadian study, 29 however, noted that physician management of hypertension in the elderly was more aggressive in 2002 compared with 1994. This was, however, not noted in the United States comparing studies done using 1990 to 1995 data 16 to that done using 1999 data 19 and to present study.
TI decreased with increasing BP and was clearly less for readings in the stage 2 compared with stage 1 hypertension range as noted in prior studies. 16, 19 The majority of individuals with uncontrolled hypertension in this database were within 10/5 mm Hg of the goal BP. Prior reports have noted that the cardiovascular risk that accompanies the goal BP of 140/90 mm Hg is already double that of those with BP 120/80 mm Hg. 3 Reduction of TI in this group, therefore, has the potential not only to substantially improve overall BP control rates but also to significantly reduce cardiovascular complications.
The explanation for the higher TI in patients with comorbid risk factors including diabetes mellitus and nephropathy is not clear but has been reported in prior studies. 30, 31 One prior study suggested that the complexity of simultaneously managing multiple risk factors in diabetics did not explain higher rates of TI, because increases in antihypertensive medications were no less likely for those visits in which diabetic medications were also changed. 30 In contrast, other studies on the management of chronic medical conditions in patients with comorbidities have implicated competing demands 32 and burden of comorbid illness. 33 Lack of knowledge of medical guidelines, for example, the lower BP goal in patients with diabetes or nephropathy, 34, 35 probably does not explain the differences in TI in this study between patients with diabetes mellitus or nephropathy and those without. For this report, uncontrolled hypertension was defined by a BP reading Ն140/90 mm Hg for all of the patients. The disparity with higher TI in patients with diabetes and nephropathy would have been even greater if the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure VI control goal of Ͻ130/85 mm Hg, which was in effect during 2003, had been applied to these 2 groups.
Although TI was not significantly different between black and white hypertensive patients after adjusting for covariates, including severity of hypertension, hypertension control rates were higher in whites. This observation suggests that the ethnic disparity in BP control likely reflects other factors, for example, differences in lifestyle and environmental stressors, access to and/or adherence with medications, or more treatment-resistant hypertension rather than TI. 13, 36 Nevertheless, reducing TI in all of the hypertensive patients, irrespective of ethnicity, would likely improve BP control.
The limitations of this study include the fact that the database did not include variables that could explain failure to adjust medications, for example, the patient refused to take more medication or the patient received education on adherence and lifestyle change. Even if we assume that advice on lifestyle modification was given to all of the patients with TI, the fact that their BP did not improve over 1 year suggests that the effects on the change in BP readings and control to Ͻ140/90 mm Hg are likely less than the effects of intensifying antihypertensive therapy. Second, the database did not include physician level factors, such as age, race, and year of graduation, which may influence TI. The comparatively low intraclass correlation coefficient of 0.04 for the TI score raises the intriguing possibility that TI may not be determined predominantly by physician characteristics. The TI scores for subjects seeing the same physician were only slightly more similar than for those seeing different physicians. Third, data were entered into different electronic medical records or recorded on data cards by various providers and staff at participating clinics. Fourth, BP measurements were not standardized across clinics. Fifth, only 1 BP reading was entered into the database on a single visit for each patient. It is possible that an initial higher BP reading was recorded in the database but that a subsequent lower reading that influenced the decision to maintain therapy was not recorded. Sixth, the methods and credentials of the individuals obtaining the BP readings are not known. Last, office hypertension, which is a valid reason for not adjusting antihypertensive medications in some patients, was not identified.
Despite these limitations, the database is a comparatively accurate reflection of contemporary primary health care for hypertensive patients in the community. The database contains information on a broad spectrum of patients from diverse healthcare systems. Moreover, the findings are consistent with previous reports that the prevalence of uncontrolled hypertension is substantially higher in clinical practice than in clinical trials and that the rate of therapeutic intensification for uncontrolled BP is low.
Perspectives
This study confirms the high rate of TI in the management of hypertension and extends previous reports by quantifying the impact of TI on BP control. Our data suggest that an absolute improvement of 20% in the percentage of visits accompanied by intensification of therapy could improve control rates from 46.2% to 65.9% among patients receiving regular or continuous care as defined in this report. Reducing TI could represent a major contribution to controlling BP in two-thirds of treated hypertensive patients and 50% of all hypertensive patients, which is the Healthy People 2010 goal. In the absence of large improvements in the prevalence of patients with diagnosed and treated hypertension and given current pharmacological tools and treatment strategies, substantial progress toward the Healthy People 2010 BP goal will require a significant decline in TI. Interventions to reduce TI have the potential to significantly improve hypertension control rates and reap more of the evidence-based benefits in reducing cardiovascular and renal morbidity and mortality.
